A b s t r a c t. The regional development of Poland is presented from a different point of view. One is connected with the GDP growth paths, characterizing each of the regions of Poland and their differentiation. Another deals with the gap of per capita GDP between regions and characteristic features of the regional development, especially if one can observe the convergence or divergence processes. According to the theory that GDP is not only one category sufficient to represent regional development, some selected variables are examined from the convergent point of view. The new method of convergence analysis is presented in this paper. The method is based on the information theory and entropy. The distributions by regions of selected variables representing the different socio-economic phenomena are compared with the distribution of basic variables, treated as a pattern, and the proposed similarity measures are estimated. The analysis of the changes in the similarity measures over time is the basis of concluding whether the convergence of regional development has been observed. The proposed method gives us more useful results, as it takes into account many aspects of socioeconomic sphere. The empirical analysis for Poland contains the period of [2005][2006][2007][2008][2009][2010][2011][2012][2013]. The trend models for regional per capita GDP were estimated, also for similarity measures of the selected variables. The conclusions based on the results of empirical analysis are the final part of this article. K e y w o r d s: regional development. GDP and other indicators. Convergence analysis. Entropy. Similarity measures.
Introduction
One of the crucial targets of the regional policy of The European Union is diminishing disparities between the regions of Europe. The greatest differences are observed not only between the old and new members of the EU, but also inside each particular country. Poland is an example of such a country, where the gap between the GDP per capita of the richest region (mazowieckie voivodeship) and the poorest (voivodeships: lubelskie and podkarpackie) is large -over double in 2012.
Absorption of EU funds by Polish voivodeships is thought to be the main source of the reduction of disparities between them, and it is thus very important to find out if the absorption indeed has influence on the convergence of regional development. Usually, the concept of convergence concerns income disparities, measured by per capita GDP, with the analysis of convergence being provided by testing of β and σ hypotheses. The β-convergence means that a negative relation exists between the initial level of per capita GDP and its growth rate, and indicates that this relation is the main factor in diminishing differences across the regions (see Barro, 1991; Barro and Salai-Martin, 1997) . The σ-convergence is the statistical analysis of the changes in GDP per capita variations between countries, over time. The β-convergence is the necessary, but not sufficient condition of σ-convergence. When β-convergence does not exist, it means that a divergence or a so called negative convergence, occurred.
In the recent years more studies have been devoted to the problems of unconditional or conditional convergence (club -convergence), TPF 1 convergence, human capital convergence and applying the spatial econometrics. The important overview of these theories is presented in the paper of Nazrul Islam (2003) . This paper discusses whether the per capita GDP is a sufficient indicator of regional development, and includes an analysis of convergence on the basis of information theory, which enables its deeper and holistic treatment.
Statistical data for the voivoideships of Poland on the NUTS 2 level (voivodeships i.e. provinces) are used for the applied analysis. These data include many variables, representing different areas of economic and social spheres and cover 2005-2013 time period.
GDP OR MULTIDIMENSIONAL ANALYSIS?
Recently, we can observe discussions among economists (for example Joseph Stiglitz, 2006) concerning whether per capita GDP is a proper indicator of economic growth and well-being of nations 2 . The main source of such doubts are: -dependence of GDP value on the degree of cooperation inside each economy; -relation of prices, different in each country and problems with elimination of the differences by PPS 3 ; -neglecting the quality of environment, usually negatively correlated with GDP level; -and the necessity of taking into account some social indicators which are important for the process of economic growth. As mentioned above, the convergence of regional growth also tends to extend the analysis towards the TPF convergence or human capital convergence.
On the other hand, results of the multidimensional analysis 4 depend on the method of analysis and the choice of the set of indicators. So, if we are able to agree on a reasonable set of indicators and use the same method of analysis, the results will be comparable. The selected set of indicators should cover the economic, social, infrastructure, and environmental variables, which makes the results more appropriate for measurement of well-balanced growth.
LINEAR TREND MODELS OF GDP FOR VOIVODESHIPS AND POLAND
The estimated linear trend models for GDP per capita for all voivodeships and Poland are the basis for the analysis if the absorption of the EU funds had any effect on diminishing the disparities between them. GDP per capita data covers the years 2005-2013, which is the period of considerable absorption of the EU funds. The results of the trend models estimation are presented in Table 1 . Below the estimated values of the parameters -in the parenthesis -Student t-Statistics are presented.
As can be seen, all the estimated parameters significantly differ from zero, and the coefficients of determinations R 2 are very high. Some selected trends are presented on the graphs 1-4. The trend coefficients which represent yearly GDP increment per capita differ substantially among regions, from 1470.98 PLN for warmińsko-mazurskie voivodeship to 3775.47 PLN for mazowieckie voivodeship. For Poland, it is 2353.2 PLN. Every year, a growth by less than 2000 PLN is observed for 9 regions including kujawsko-pomorskie, lubelskie, lubuskie, opolskie, podkarpackie, podlaskie, świętokrzyskie, warmińsko-mazurskie and zachodnio-pomorskie. A better way of presentation seems to be displaying linear trend models together with the trend of the most developed mazowieckie voivodeship, which makes it easier to compare the GDP levels and trend coefficients for that pair of regions. It is seen in Figure 2 that the gap between mazowieckie and kujawskopomorskie is larger than the gap between mazowieckie and dolonośląskie, and this gap is growing in time. Such situation is typical for all less developed regions characterized by low per capita GDP.
A large and growing gap between per capita GDP can be observed for lubelskie voivodeship, and not so large gap for łódzkie voivodeship, yet also growing in time.
The gap between the growth of podlaskie and mazowieckie voivodeships is greater than the gap between the growth of małopolskie and mazowieckie ( Figure 2 ).
Świętokrzyskie and warmińsko-mazurskie voivodeships belong to the less developed regions, and the gap between the growth of mazowieckie and their growth is large and growing in time (see Figures 2 and 3 ). The set of more developed regions, such as dolnośląskie, łódzkie, pomorskie, śląskie and wielkopolskie voivodeships, is characterized by not so large discrepancy between annual growth of GDP per capita in comparison with mazowieckie voivodeship, however the GDP levels per capita in those regions are significantly smaller than in mazowieckie voivideship (in 2012 the differences were about 20,000 PLN). It indicates that the process of divergence is observed for GDP per capita category between the regions and the process of divergence is stronger for less developed regions. 
SIMILARITY MEASURES AND THEIRS TRENDS
Assuming that per capita GDP category is not sufficient to represent the regional development, it is worth examining in more detail if the regional development of Poland is characterized by the convergence or the divergence process. Such analysis may be based on the trends of similarity measures.
The similarity measure proposed by the author (Kudrycka, 1984) , which is a transformed form of the information inaccuracy measure, allows to determine the similarity between the distributions of two sets of variables, and may be used in the regional development analysis. The information inaccuracy ( : ) (see Theil, 1966 ) was used to compare the distributions of two variables: 
where: is the frequency distribution of one variable in region "i" , is the frequency distribution of another variable in region "i" ∑ = 1 ; ∑ = 1 ; = 1, … , . The information inaccuracy ( : ) is equal to zero, when the appropriate frequencies of two distributions are equal, = for all = 1, … , .
It is not possible to determine the maximum value ( : ) because the value of the expression → ∞ (tends to infinity), whereas for fixed → 0 (tends to zero).We can avoid that problem and normalized information inaccuracy in the following way:
where ( : ) is the similarity measure 5 . In case = for all = 1, … , the similarity measure ( : ) = 1, and when ( : ) → ∞ , which means that discrepancy between frequencies of two distributions are large, the similarity measure ( : ) → 0.
Let us assume that we are going to compare by regions the frequency distribution of a particular variable Y to the frequency distribution of another selected variable, which is treated as a pattern, and estimate the similarity measures for a given period. The pattern variable should be the same in all periods or changing insignificantly, thus we obtain the set of similarity measures, which will be the basis of concluding whether the process of convergence exists or not. If the similarity measures tend to 1 over time, the convergence process exists. Otherwise, when the similarity measures decrease over time, the divergence process is observed.
This method of convergence analysis has a number of advantages. First of all, we are able to analyze the convergence in some sectors of socio-economic phenomena, as well as for a particular variable. Secondly, it is not necessary to have access to a very long time series, as is necessary in the case of other methods, based on the growth rate of GDP. The simplicity of that method, and the fact that it lends itself to a clear interpretation are also important.
The disadvantage of this method is the necessity to determine the variables which will be used as the pattern. The simplest way to choose the pat-tern is to establish the distribution of the population by regions for comparison of economic and social sphere, and the distribution of areas by regions to compare the infrastructural and environmental variables. The estimated similarity measures for some variables in the period 2005-2013 are presented in the Tables 1-3 in Appendix. Using selected data, the linear trends of similarity measures were estimated. In the case of some variables, the linear trend, or any other form of trend, does not exist. Table 2 contains some of the results.
As we can see, the convergence process (growing values of similarity measures over time) exists for employment R&D, gross domestic expenditure on R&D, sleeping places, consumption of water by household, personal computers with Internet access, water line distribution and gas line distribution, which may be interpreted as positive process. The divergence process characterized the following variables: live birth, number of university students, consumption of gas by households, audience in dramatic theatres and music institutions, and emission of gases from plants. Estimated trends for average values of similarity measures characterizing a particular sphere of activity indicate the convergence process for human capital, economy, and infrastructure, while the divergence process exists for households, environment, and a total average of all selected variables.
The trends for the average values of similarity measures are presented in Figures 4. We can see that in the case of average similarity measures for households and average for total variables, it is necessary to estimate another form of the trend -likely the log-linear one which may improve the goodness of fit.
CONCLUSIONS
Restraining the regional development convergence analysis only to the rate of GDP growth is too narrow and excessively simplified. It is important to take into account several aspects of regional development and to use appropriate research methods.
The similarity measure proposed by the Author, which is the transformed measure of inaccuracy of information, has a good background and interpretation on the basis of information theory, and may be used for comparison of distributions of variables among regions.
Changes in the similarity measures over time enable to recognize characteristics of regional development, specifically whether convergence processes exist or not.
It is worth emphasizing that the similarity measures method provides us with more useful results, as it takes into account many aspects of socioeconomic sphere.
We have observed the divergence process of the regional development, taking into account per capita GDP based on the trend analysis of this category.
The trends of similarity measures indicate that divergence process exists also for average values of economy variables, households, environment and total average, as well as for singular variables: the number of university students, the audience in dramatic theatres and music institutions, consumption of gas by households and emission of gas by plants. It is worth stressing that absorption of the EU funds has had limited influence on the reduction of disparities between the regions of Poland.
Fortunately, the convergence processes exist in relation to some important economic and social phenomena such as: employment in R&D sector, gross domestic expenditure on R&D, households access to the Internet, and infrastructure. 
